ABSTRACT: A captive adult female muskrat (Ondatra zibethicus) was found dead without previous signs of disease. At necropsy, abdominal organs were infiltrated with a poorly demarcated, soft, tan tissue. Microscopically this tissue was composed of neoplastic cells assuming two distinct growth characteristics consistent with Antoni A and B patterns. Ultrastructurally, the neoplastic cells were pleomorphic, lacked junctional devices, had abundant mitochondria and ergastoplasm, and frequently were closely associated with extracellular collagen. Immunocytochemical examination of tumor cells demonstrated sporadic expression of neuron specific enolase. Microscopic tumor metastases to the myocardium, ascending aorta, lungs and visceral pleura were present. This is the first report of a sarcoma compatible with a malignant peripheral nerve sheath tumor in a muskrat.
In April 1996 an adult wild-captured, female muskrat from a breeding colony at the University of Connecticut (Storrs, Connecticut, USA; 41Њ48ЈN, 72Њ15ЈW) was found dead. The animal did not show previous signs of illness. At necropsy the peritoneal cavity contained soft, tan, lobulated, poorly demarcated tissue that diffusely involved the broad ligament of the uterus, the ovarian ligaments and the ovaries, most of the mesentery and omenta, serosa of the large and small intestines, pancreas, spleen, liver, and abdominal surface of the diaphragm. Hemorrhage and necrosis were common within this tissue.
Samples from the involved organs and the brain, lungs, heart, kidneys and adrenals were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (H&E). Selected sections were in addition stained with trichrome and PAS (all staining procedures were as in Sheehan and Hrapchak, 1980) . For immunocytochemical examination formalin fixed, paraffin embedded sections were deparaffinized, treated with a target unmasking fluid (TUF, Signet Laboratories Inc., Dedham, Massachusetts, USA) and processed using commercially available primary and secondary antibodies (OmniTags Plus, Immunon, Pittsburgh, Pennsylvannia, USA) according to the manufacturer's directions. The following primary antibodies (Immunon) were used: monoclonal antibodies raised against muscle specific actin (mouse IgG, a and c isotypes); vimentin (mouse IgG); pancytokeratin monoclonal pool (mouse IgG); and polyclonal antibodies against S-100 protein (rabbit IgG, ␣ and ␤ subunits), desmin (rabbit IgG 1), factor VIII (rabbit IgG), and neuron specific enolase, NSE (rabbit IgG). Secondary antibodies (Immunon) were either antirabbit or antimouse conjugated to a streptavidinperoxidase complex and developed with 3-amino-9-ethylcarbazole (AEC) as chromogen. For negative controls the primary antibodies were replaced with the appropriate normal serum. Tissue sections supplied by Immunon known to express the relevant antigens served as positive controls. In addition tissue sections from the muskrat with the tumor served as positive internal controls that allowed to assess the cross-reactivity of muskrat antigens with the antigens used by Immunon to obtain the primary antibodies. For ultrastructural examination previously formalin fixed tissues were post-fixed in 2% osmium tetroxide, dehydrated through graded ethanol and embedded in epoxy resin. Ultrathin sections were stained with Sato's lead and uranyl acetate (Hayat, 1970) , and examined on a Zeiss EM 10C electron microscope (LEO Electron Microscopy, Thornwood, New York, USA). Histologically, the lobulated masses infiltrating the abdominal organs were formed by neoplastic tissue with two distinct morphological patterns (Fig. 1) . The first had storiform or fascicular arrangements of tightly packed, spindle-shaped cells (Fig. 2 ), or areas formed by polygonal epithelioid cells arranged either into a pseudoglandular fashion around bloodfilled spaces or in densely packed alveolar nests (Fig. 3 ). The spindle cells had pale eosinophilic cytoplasm that merged imperceptibly with sparse adjacent collagen fibers, and elongated, infrequently wavy nuclei with tapered ends; the epithelioid cells had a centrally located round to oval nucleus and abundant basophilic to amphophilic cytoplasm. Necrosis and hemorrhage were frequent as were mitotic figures which ranged from 0 to 8 per high power field. The second pattern within the tumor had sparse stellate, fusiform, or epithelioid cells growing irregularly in abundant to moderate fibromyxoid stroma (Figs. 1, 4) . Close association of the tumor with a peripheral nerve was found within the diaphragm (Fig. 5) .
Trichrome staining revealed scant to moderate collagen among tumor cells. The densely cellular areas contained fragmented and irregular PAS positive basement membranes (BM)-like material whereas minimal to no PAS positivity was detected in the less cellular regions. The ultrastructural features of the tumor cells were not well preserved due to the fact of formalin fixation and paraffin embedding prior to processing for transmission electron microscopy (TEM). Poorly differentiated cells had ultrastructural features of fibro- blasts with prominent ergastoplasm and mitochondria, and numerous cell processes. The cells were frequently associated with abundant stromal collagen (Fig. 6) . The cell membranes were fragmented which precluded the identification of interdigitating cellular processes, basement membranes and cell junctions which are features of schwann and perineurial cells, respectively. Accordingly, the TEM images were supportive of a poorly differentiated tumor composed of fibroblast compatible cells, but were not usefull in detection of schwann and perineurial cells.
Immunocytochemical examination demonstrated that sporadic spindle cells and some epithelioid cells had fine granular cytoplasmic staining for NSE. The same reactivity was present in single ganglion-like cells found in the fibromyxoid stroma. No detectable staining for muscle specific actin, vimentin, desmin, S-100 protein, factor VIII, and pankeratin was detected in the tumor. On the internal positive control slides with normal muskrat tissues positive reactivity to muscle specific actin and desmin was found in the intestinal muscularis and vascular media, and positive reactivity to factor VIII was present within endothelia. Fibroblasts within organ capsules stained positively with vimentin, positive reactivity to S-100 and NSE was present within myenteric ganglion cells and peripheral nerves, and renal and intestinal epithelia reacted with the pankeratin antibody. Thus the lack of reactivity of the tumor cells with the above antibodies was not due to the lack of crossreactivity.
Microscopic tumor metastases were found in the myocardium, ascending aorta, Malignant peripheral nerve sheath tumors (MPNST) are poorly defined sarcomas that demonstrate a mixture of florid histologic patterns which leads to difficulty in their diagnosis (Matsunou et al., 1985) . Since almost all the histologic patterns expressed in MPNST also are seen in other soft tissue tumors, ultrastructural or immunocytochemical studies are needed for accurate diagnosis of MPNST (Swanson et al., 1996) . Using the above methods it has been established, that all cellular elements of the peripheral nerve sheath, i.e., schwann cells, perineurial cells and fibroblasts, can be found within these tumors (Hirose et al., 1992) . This explains their heterologous differentiation including glandular and epithelioid MPNST, rhabdomyoblastic (triton) tumors, malignant granular cells tumors, and neurotropic/ desmoplastic melanomas (Sangueza and Requena, 1998; Woodruff and Christensen, 1993) .
Immunohistochemical analyses of human and animal MPNST have shown variable expression of vimentin, S-100 protein, NSE, neurofilament, myelin basic protein, glial fibrillary acidic protein (GFAP), epithelial membrane antigen EMA, and cytokeratins (Matsunou et al., 1985; Gough et al., 1986; Cardesa et al., 1990; Hirose et al., 1992) confirming the complex histogenesis of MPNST. Accordingly, although S-100 protein is considered one of the most useful markers for neuroectodermal tumors including schwannian cell derived neoplasms, its expression within the latter seems to depend on tumor location and the degree of differentiation (Matsunou et al., 1985; Cardesa et al., 1990) . A large proportion of MPNST lacks the S-100 expression, which seems to correlate with a high degree of anaplasia (Matsunou et al., 1985) or perineurial or fibroblastic differentiation (Swanson et al., 1996) . The lack of S-100 reactivity in the tumor of this report was most likely caused by predominantly fibroblastic differentiation. Neuron specific enolase is a constituent of proliferating schwann cells (Swanson et al., 1996) and it's expression has been found in fusiform, epithelioid, and large ganglion-like cells in MPNST (Matsunou et al., 1985) , acoustic schwannomas in humans (Swanson et al., 1996) , and in cells from Antoni B pattern in a mediastinal tumor from a laboratory rat (Cardesa et al., 1990) . It is noteworthy that all the above immunocytochemical markers are not tissue specific and can be found in tumors derived from mesenchymal, epithelial and muscle tissues. Thus, we find the scattered immunoreactivity with NSE in our tumor to be only supportive of a diagnosis of a nerve sheath derived tumor.
Peripheral nerve sheath (PNS) tumors include schwannomas, neurofibromas and their malignant counterpart the MPNST. In humans, neurofibromas and MPNST are most often associated with von Recklinghausen's disease (neurofibromatosis type I) while schwannomas can be associated with neurofibromatosis type II, where bilateral acoustic nerve involvement is pathognomonic (Hajdu, 1993; Swanson et al., 1996) . In animals, the preferred term for PNS tumors is benign or malignant schwannoma (Kirchhof et al., 1996) . The benign are most commonly associated with solitary cranial or spinal nerve roots in cattle and dogs, or with bovine neurofibromatosis. Malignant PNS tumors have been reported in domestic animals, but with the exception of a recent report of a MPNST in a water moccasin (Agkistrodon piscivorus), (Ramis et al., 1998) we are not aware of its description from wild animals including muskrats. In other microtine rodents including laboratory rats spontaneous neoplasms of the peripheral nervous system are very rare (Bernischke et al., 1978; Abbott, 1982; Gough et al., 1986) although they constitute common tumors induced experimentally with polycyclic aromatic hydrocarbons (PAHs), ethyl and methyl nitrosurea, DNA-adenovirus SA7, and radiation. (Gough et al., 1986; Cardesa et al., 1990) . It is an interesting speculation if the muskrat developed the tumor described herein due to environmental exposure to PAHs, which are ubiquitous anthropogenic contaminants.
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